Description 

FUEL CELL WITH PASSIVE WATER BALANCE 

5 Technical Field 

The present invention relates to fuel cells that are 
suited for usage in transportation vehicles, portable 
power plants, or as stationary power plants, and the 
invention especially relates to a fuel cell than enhances 
10 water balance and that minimizes any need for active 
circulation of water. 

Background Art 
Fuel cells are well known and are typically arranged 

15 in a fuel cell stack in cooperation with support systems 
to form a fuel cell power plant. Such plants are used to 
produce electrical current from hydrogen containing 
reducing fluid fuel and oxygen containing oxidant 
reactant streams to power electrical apparatus such as 

20 power plants and transportation vehicles. For fuel cells 
of the prior art to remain in water balance, it is known 
that an amount of water leaving the fuel cell must not be 
greater than an amount of water generated by the fuel 
cell during operation. Additionally, water must move 

25 into, move through, and diffuse and/or evaporate out of 
porous layers of the fuel cell at a stable rate in order 
to humidify dry reactant streams, to prevent drying out 
of a proton exchange membrane C'PEM") electrolyte, to 
remove heat generated by the fuel cells, and to perform 

30 other related tasks. Such water balance requirements are 
especially difficult to accomplish for fuel cells used in 
transportation vehicles wherein ambient temperatures vary 
from well-below the freezing temperature of water to over 
forty degrees centigrade (^^40°C") 

35 For example, when ambient air is hot and dry and is 
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the oxygen containing oxidant stream, as the air enters 
the fuel cell at a very low relative humidity, water is 
readily evaporated into the oxidant stream from a fuel 
cell porous layer that defines an oxidant flow field, 
5 from other known porous support layers, and from any PEM 
electrolyte, etc. As the oxidant stream moves through 
the fuel cell, it is heated and additional fuel cell 
product water is also evaporated into the oxidant stream 
until it is saturated. When the oxidant stream nears a 

10 fuel cell oxidant outlet, water condenses out of the 
stream back into the porous fuel cell support layers. As 
disclosed in U.S. Patent 6,322,915 that issued on Nov. 
27, 2001 and in U.S. Patent 6,521,367 that issued on Feb. 
18, 2003, (both Patents being owned by the owner of all 

15 rights in the present invention) , considerable effort has 
been undertaken to maintain satisfactory water balance in 
such fuel cells by use of ^'electrolyte dry-out barriers" 
as well as by actively circulating a coolant stream 
adjacent reactant stream inlets and outlets and within 

20 coolant channels defined in the porous fuel cell support 
layers to enhance proper reactant stream hiomidity, heat 
removal, and transport of condensed fuel cell water. 

Such solutions, however, involve considerable 
parasitic power to actively circulate a coolant stream; 

25 involve care in minimizing f reeze-related problems of the 
coolant stream and fuel cell water; impose enhanced 
weight and voliome requirements for the fuel cell power 
plant; and, require elaborate manufacturing effort and 
cost. Consequently, there is a need for a fuel cell that 

30 provides for passive water balance to minimize or 
eliminate active coolant circulating and related water 
management systems. 

Disclosure of Invention 
35 The invention is a fuel cell for generating 
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electrical current from first and second reactant 
streams, such as from reducing fluid fuel and oxygen 
containing oxidant reactant streams. The fuel cell 
includes a membrane electrode assembly having a first 
5 reactant flow field secured adjacent a first surface of 
the membrane electrode assembly for directing flow of the 
first reactant adjacent the first surface of the 
assembly. A second reactant flow field is secured 
adjacent a second surface of the electrode membrane 

10 assembly for directing flow of the second reactant 
adjacent the second surface of the assembly. The first 
reactant flow field defines a plurality of two-pass 
circuits, and each two-pass circuit is in fluid 
communication with both a first reactant inlet for 

15 directing the first reactant into the fuel cell, and also 
in fluid communication with a first reactant outlet for 
directing the first reactant out of the fuel cell. 

In a preferred embodiment, each two-pass circuit 
defines a width across, the two-pass circuit, when divided 

20 by a cross-flow length of the first reactant flow field, 
that is greater than 0.1 and less than 0.5. The '"width 
across the two-pass circuit" is a shortest distance 
across the two-pass circuit in a direction perpendicular 
to flow of the first reactant through the two-pass 

25 circuit, and the '"cross-flow length of the first reactant 
flow field" is a shortest distance across the first 
reactant flow field in a direction perpendicular to flow 
of the first reactant through the first reactant flow 
field. 

30 In an additional . embodiment , the first reactant flow 

field is a cathode flow field for directing an oxygen 
containing oxidant reactant stream through the fuel cell 
adjacent the first surface of the membrane electrode 
assembly. in an alternative embodiment, the first 

35 reactant flow field is an anode flow field for directing 
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flow of a reducing fluid reactant stream through the fuel 
cell. In a further embodiment, the second reactant flow 
field also defines a plurality of two-pass circuits. In 
an optimal embodiment, the number of two-pass circuits in 
5 each reactant flow field is greater than or equal to 2 
and less than 10. Also, the width across the two-pass 
circuit divided by a parallel-flow length of the two-pass 
circuit is greater than 0.3 and less than 1.0. The 
''parallel-flow length of the two-pass circuit" is one- 

10 half of a shortest distance along a two-pass circuit from 
a point of entry of the reactant stream into the circuit 
to a point of exit of the reactant stream from the 
circuit in a direction parallel to flow of the stream 
through the circuit . 

15 Because the first reactant flow field defines a 

plurality of two-pass circuits, an effective distance is 
significantly reduced between a reactant outlet and a 
reactant inlet. Consequently, the condensed water that 
moves from the saturated reactant stream near the outlet 

20 into adjacent porous support layers is able to readily 
''wick" or move by capillary action through open pores 
into the nearby porous support layers adjacent the 
reactant stream inlet. By thus facilitating passive 
movement of the water from a condensation zone adjacent 

25 the reactant outlet into an evaporation zone adjacent the 
reactant inlet, in preferred embodiments of the 
invention, it is not necessary to define water channels 
to actively circulate water from the condensation zone to 
the evaporation zone. Consequently, by the improved 

30 design of the reactant flow field, the fuel cell achieves 
a passive water balance. By minimizing a need for active 
circulation of a water stream and/or fuel cell water, a 
total volume of fuel cell water during operation is 
reduced which facilitates operation of the fuel cell in 

35 ambient temperatures below the freezing temperature of 
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water . 

Accordingly/ it is a general purpose of the present 
invention to provide a fuel cell with passive water 
balance that overcomes deficiencies of the prior art. 
5 It is a more specific purpose to provide a fuel cell 

with passive water balance that minimizes a need for 
active circulation of fuel cell water, and that minimizes 
a quantity of fuel cell water within the fuel cell. 

These and other purposes and advantages of the 
10 present fuel cell with passive water balance will become 
more readily apparent when the following description is 
read in conjunction with the accompanying drawings. 

Brief Description of the Drawings 
15 Figure 1 is a simplified, schematic view of a fuel 

cell power plant including a fuel cell of the present 
invention. 

Figure 2 is a simplified, schematic, cross-sectional 
representation showing a prior art reactant flow field of 
20 a fuel cell. 

Figure 3 is simplified, schematic, cross-sectional 
representation showing a first reactant flow field of a 
fuel cell constructed in accordance with the present 
invention. 

25 

Description of the Preferred Embodiments 
Referring to the drawings in detail, a simplified 
fuel cell power plant 10 is shown in FIG. 1 including at 
least one fuel cell 12 that is constructed in accordance 

30 with the present invention and is generally represented 
by the reference numeral 12. The fuel cell 12 produces 
electrical power from first and second reactant streams, 
such as oxygen containing oxidant and hydrogen containing 
reducing fluid reactant streams, as is known. The first 

35 reactant such as an oxidant is directed from an oxidant 
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supply 14 through an oxidant supply line 16 that may 
include a blower 18 into a first reactant or cathode flow 
field 20 of the fuel ■ cell 12 and out of the fuel cell 12 
through an oxidant vent 22. Similarly, a second reactant 
5 such as a reducing fluid is directed from a fuel supply 
24 through a fuel supply line 2 6 into a second reactant 
or anode flow field 28 of the fuel cell 12 and out of the 
cell through a fuel vent 30. . 

The power plant 10 may also direct a coolant stream 

10 such as liquid water, a conventional antifreeze, or a 
''direct antifreeze solution" (as disclosed in co-owned 
U.S. Patent No. 6,316,135) through a coolant feed line 32 
and a coolant flow plate 3 4 secured adjacent the cathode 
flow field 20 in a well known manner, and out of the cell 

15 12 in a coolant discharge line 36. The coolant discharge 
line 3 6 and coolant feed line 32 may be in fluid 
communication with a coolant heat exchanger 3 8 to cool 
the coolant fluid, such as an automotive radiator type of 
heat exchanger. A coolant pump 40 may be secured to the 

20 coolant feed line 32 to pump the coolant stream through 
the coolant flow field. The coolant feed line 32, flow 
plate 34, discharge line 36, coolant heat exchanger 38 
and coolant pump 40 may characterized as a coolant loop 
42 , and the coolant loop 42 may include a pressure 

25 control valve 44 to control a pressure of the coolant 
stream within the coolant flow plate 34 to be below the 
pressure of the reactant streams, in a manner well known 
in the art and described in the aforesaid U.S. Patent No. 
6,322,915. 

30 As is well known, the fuel cell 12 also includes a 

membrane electrode assembly 46 secured between the 
cathode and anode flow fields 20, 28 so that the cathode 
flow field 20 is adjacent a first surface 48 or a cathode 
electrode 48 of the assembly 46. The anode flow field 28 

35 is secured adjacent an opposed second surface 50 or anode 
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electrode 50 of the assembly 46. The membrane electrode 
assembly may include a proton exchange membrane C'PEM") 
electrolyte as is well known in the art secured to 
opposed cathode and anode electrodes 48, 50. 
5 FIG. 2 shows a prior art reactant flow field 52 that 

would be appropriate for directing a first or second 
reactant stream through a prior art fuel cell. The prior 
art reactant flow field 52 includes a reactant inlet 54, 
a reactant turn-around 56 and a reactant outlet 58, and a 

10 reactant two-pass divider 60 extending between the 
reactant inlet and outlet 54, 58 and the reactant turn- 
around 56 that defines two passes for flow of the 
reactant through the flow field 52. The described flow 
of a reactant stream along reactant flow lines 61A, 61B 

15 through the reactant flow field 52 defines a two-pass 
circuit 62 within the prior art reactant flow field 52. 
Shown in hatched lines in FIG. 2 is a prior art coolant 
flow field 63 adjacent the reactant flow field 52, 
including a coolant inlet 64, a coolant flow path 66, 

20 coolant flow dividers 68A, 68B, and a coolant outlet 70 
for directing a coolant stream along the coolant flow 
path 66 between the coolant inlet and outlet 64, 70. 

As a reactant stream, such as an oxidant stream of 
ambient air having a low relative humidity, enters the 

25 reactant inlet 54, and as is known, water will evaporate 
into the reactant stream from adjacent porous layers that 
define the reactant flow field 52 . As the reactant 
stream passes through the reactant flow field 52 it is 
warmed and its relative humidity increases, until 

30 approaching the reactant outlet 58 water condenses out of 
the stream and back into the porous layers. The 
condensed water may then move by capillary action or 
"^wicking" from a saturated condensation zone adjacent the 
reactant outlet toward the reactant inlet, as represented 

35 by water movement arrows 72A, 72B, 72C. Water movement 
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arrow 72A is larger than 72B, or 72C to represent that 
more water is available near arrow 72A, because arrow 72A 
is closest to the reactant outlet 58. The farther from 
the reactant outlet, the less water condenses out of the 
5 reactant stream, such as represented by water movement 
arrow 72C. Because more water is available adjacent the 
reactant outlet 58, more water moves by capillary action 
toward the reactant inlet 54. However, adequate water 
may be unavailable adjacent the reactant inlet 54 leading 

10 to dry-out of adjacent porous layers, that may also lead 
to dry-out of a PEM electrolyte, leading to degraded 
performance of any fuel cell utilizing the prior art 
reactant flow field 52 . This occurs because the average 
distance between the reactant flow lines 61A and 61B may 

15 be too long for water to be wicked at an acceptable rate 
from adjacent the reactant flow line 61B and adjacent the 
reactant outlet 58 to adjacent the reactant flow line 61A 
and adjacent the reactant inlet 54. 

U.S. Patent Application Serial No. 10/03 6,181, which 

20 has been published under Publication No. US 2003/0124410 
Al, with a publication date of July 3, 2003, and which is 
owned by the owners of the invention described herein, 
teaches a fuel cell with passive water management. Such 
a fuel cell contains both water management channels and 

25 coolant channels. A water flow field may be necessary to 
transfer water adjacent the reactant outlet 58 to an area 
adjacent the reactant inlet 54. 

FIG. 3 shows a first reactant flow field 80 
appropriate for use in a fuel cell 12 of the present 

30 invention. The first reactant flow field 80 defines a 
plurality of two-pass circuits, including a first two- 
pass circuit 82, a second two-pass circuit 84, a third 
two-pass circuit 86, and a fourth two-pass circuit 88. 
(For convenience and efficiency, only the first 82 of the 

35 plurality of two-pass circuits will be described herein 
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in detail, however the other two-pass circuits 84, 86, 88 
include virtually identical components.) Each of the 
two-pass circuits, such as the first two-pass circuit 82, 
includes a first reactant inlet 90, an adjacent first 
5 reactant outlet 92, and a first reactant flow divider 94. 
The reactant flow divider 94 may consist of a wet seal 
formed within the porous substrate that is part of the 
cathode electrode 48 and anode electrode 50. Such a wet 
seal is described in co-owned U.S. Patent No. 4,652,502. 

10 A wet seal has an advantage in that it creates a barrier 
to reactant short circuiting between a first reactant 
flow pass 102 and a second reactant flow pass 106; while 
permitting transport of water in the direction of a water 
movement arrow 112 . 

15 All of the two-pass circuits may share a common 

turn-around 96, A first two-pass separator 98 separates 
the first two-pass circuit 82 from an adjacent circuit, 
such as the second two-pass circuit 84, and also 
separates the first two-pass circuit's reactant inlet 90 

20 from and adjacent outlet or inlet, such as an outlet 100 
of the adjacent second two-pass circuit 84. The reactant 
flow divider 94 not only separates flow of the reactant 
stream within the first two-pass circuit, but it also 
divides the reactant inlet 90 from the reactant outlet 

25 92. Consequently, each of the two-pass circuits 82, 84, 
86, 88 are in fluid communication with separate reactant 
inlets and outlets as with the inlet 90 and outlet 92 of 
the first two-pass circuit 82. Therefore, flow of the 
reactant streams is not in series sequentially through 

30 the plurality of two-pass circuits 82, 84, 86, 88, but 
instead is in parallel flow through each circuit. 

As shown in FIG. 3, in contrast to FIG. 2, there is 
a relatively short distance between a reactant stream 
passing within the first pass 102 adjacent directional 

35 arrow 104 and a reactant stream within the second pass 



106 adjacent directional arrow 108 of the first two-pass 
circuit 82. That decreased distance between the first 
and second passes 102, 106 facilitates movement of water 
within porous layers adjacent the first and second passes 
5 102, 106, as represented by the water movement arrow 112. 
Consequently, the multiple two-pass circuits 82, 84, 86, 
88 facilitate movement of water within the porous layers 
defining the first reactant flow field 80 so that 
adequate water remains within the porous layers adjacent 

10 the first reactant inlet 90 and reactant inlets of the 
other two-pass circuits 84, 86, 88 as the reactant is 
entering the first reactant flow field 80. As is known 
in the art, the channels, dividers and separators that 
may be utilized to define the first reactant flow field 

15 80 are typically defined within common porous layers of 
the components of the fuel cell 12, such as in the 
coolant flow plate 34 and adjacent cathode flow field 20, 
and as disclosed in the aforesaid U.S. Patents . 

In a preferred embodiment, each of the plurality of 

20 two-pass circuits 82, 84, 86, 88 defines a width across 
each two-pass circuit, when divided by a cross-flow 
length 114 of the first reactant flow field, that is 
greater than 0 . 1 and less than 0.5. For purposes herein 
and as recited above, the width across the first two -pass 

25 circuit 82 is a shortest distance across the first two- 
pass circuit that is perpendicular to flow of a reactant 
through the first two-pass circuit 82, such as 
perpendicular to flow directional arrows 104, 108 in FIG. 
3. Also for purposes herein, the phrase *^cross-flow 

30 length of the first reactant flow field" 80 is a shortest 
distance across the first reactant flow field 80 in a 
direction that is perpendicular to flow of the reactant 
through the first reactant flow field 80. The cross-flow 
length of the first reactant flow field 80 is represented 

35 in FIG. 3 by the distance lines designated by reference 
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nximeral 114, 

In an additional embodiment, the first reactant flow 
field is the cathode flow field 20 (shown in FIG. 1) for 
directing an oxidant stream through the fuel cell 
5 adjacent the cathode electrode 48. In an alternative 
embodiment, the anode flow field 58 may also define a 
plurality of two-pass circuits having dimensions as 
described above for the first two-pass circuit 82, which 
may be characterized herein for convenience as the first 

10 reactant flow field 80 is an anode flow field for 
directing flow of a reducing fluid reactant stream 
through the fuel cell 12 adjacent the anode electrode 50, 
In a further embodiment, both the first reactant flow 
field 20 and the second reactant flow field 28 may each 

15 define a plurality of two-pass circuits having dimensions 
as described above for the first two-pass circuit 82 . 

In an optimal embodiment, the first reactant flow 
field 80 is a cathode flow field 20. In such an 
embodiment, the number of two-pass circuits 82, 84, 86, 

20 88 in each reactant flow field is greater than or equal 
to 2 and less than 10. Also, the width across a two-pass 
circuit 82 divided by a parallel-flow length of the two- 
pass circuit 82 is greater than 0,3 and less than 1.0. 
The ^^parallel-flow length of the two-pass circuit is 

25 one-half of a shortest distance along a two-pass circuit 
82 from a point of entry of the reactant stream into the 
circuit 82 to a point of exit of the reactant stream from 
the circuit 82 in a direction parallel to flow of the 
stream through the circuit 82, such as parallel to flow 

30 directional arrows 104, 108. 

As is apparent, by the first reactant flow field 80 
including a plurality of two-pass circuits 82, 84, 86, 
88, the fuel cell 12 is able to achieve enhanced water 
balance while minimizing or eliminating need for active 

35 circulation of a water stream through the fuel cell 12. 



All of the aforementioned U.S. Patents are 
incorporated herein by reference. 

While the present invention has been disclosed with 
respect to the described and illustrated embodiments of 
5 the fuel cell 12 with the described first reactant flow 
field 80, it is to be understood that the invention is 
not to be limited to those embodiments. Accordingly, 
reference should be made primarily to the following 
claims rather than the foregoing description to determine 
10 the scope of the invention. 
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